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(54) Method of encoder control 

(57) A video encoder control system (10) and meth- 
od are disclosed for controlling a video encoder (1 6) us- 
ing a processor (12) having a multiple field delay circuit 
for delaying input video data by a predetermined 
number of frames, and a statistics generator for gener- 
ating statistics from the video data to control the encoder 
(16). The statistics generator calculates a sum of abso- 
lute values of field differences between pixels, with the 
sum used for detecting a redundant field, for generating 
a film flag, and for controlling the encoder using the film 
flag. The statistics generator calculates averages of 
blocks of pixels, and a fade detector uses the averages 
for detecting fades between successive frames to gen- 
erate a fade flag to control the encoding. The rate con- 
troller (14) responds to the statistics to change the res- 
olution of the encoding of successive frames. The proc- 
essor outputs the film flags, scene change flags, and 
fade flags to the rate controller (14) to control the en- 
coding of the delayed video data. A method is disclosed 
for controlling the video encoder including the steps of 
delaying the input video data, generating frame statis- 
tics, and controlling the encoder using the statistics. 
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Description 

BACKGROUND OF THE INVENTION 

S FIELD OF THE INVENTION 

This disclosure relates-to video encoders and, in particular, to a system and method for controlling a video encoder 
to detect and effect changes in video signals. 

w DESCRIPTION OF THE RELATED ART 

Image compression systems are used to digitize video into a minimal number of bits while maintaining maximum 
image quality. The Motion Picture Experts Group (MPEG) standard defines some techniques useful in image compres- 
sion. Some implementations provide for image compression in video encoders but retain redundancy in the data during 
IS the compression. 

Film material in the input video images such as images shot at 24 frames per second may be converted to 60 
fields per second video in a process known in the art as 3:2 pulldown, where each video frame is recorded alternately 
on three fields of video and two fields of video. However 3:2 pulldown methods result in redundancy in the conversion. 
Detection and removal of such redundancies may result in a removal of one field per five fields without a resulting loss 
20 of information while reducing by 20% the video image data to be stored and processed. As it has been estimated that 
90% of prime time television material is derived from film sources, such a reduction of video image data of 20% without 
incurring a loss of image information significantly saves data capacity in video encoding. 

In attempting to detect and remove such redundancies in image fields, false detection of 3:2 pulldown in mixtures 
of film and video or mixtures of different films may result in unacceptable reconstruction artifacts in subsequent process- 
es ing of the compressed images, such as image decoding. 

In addition, the anticipation of changes in incoming video and corresponding modification of encoding parameters 
thereof is known in the art. in such anticipatory methods, the erroneous placement of intra frames: i.e. refresh frames 
or I frames, may result in lesser quality in subsequent decoding. For example, regular video frames are generally 
' predicted from at least the previous frame, with intra frames sent periodically to a receiver facilitating the receiver's 
^0 acquisition of the video images. Such intra frames as well as frames from scene changes generally require more bits 
to encode than regular video frames, especially since scene changing frames are effectively unpredictable frames. If 
an intra frame occurs just before or just after a scene change, the average bit rate required for encoding may increase 
to a level that the quality of the encoding is reduced, resulting in subsequent visible artifacts upon decoding. 

35 SUMMARY 

*^ A video encoder control system is disclosed for controlling a video encoder including a processor having a multiple 

field delay circuit for delaying input video data by a predetermined number N. N > 1 . to generate delayed video data: 
a statistics generator for processing the input video data to generate statistics of a first frame and successive frames 

■^0 and to generate a control signal from the statistics: an encoder module: and a rate controller which responds to the 
control signal to control the encoding of the delayed video data corresponding to the first frame by the encoder module. 
The statistics generator calculates a sum of absolute values of differences between field pixels and calculates sub- 
sampled low pass filter image values: and a pulldown detector is included which uses the sum for detecting a redundant 
field in the associated fields, for generating a redundancy flag as the control signal corresponding to the redundant field. 

-^5 A scene change detector is included which uses the sums for detecting a scene change from the first frame and 

a successive frame and for generating a scene change flag as the control signal. The statistics generator also deter- 
mines an average pixel value of each frame: and a fade detector uses the average pixel values of the first field and 
the successive fields to determine a video fade. 

A resolution selector is provided which uses the sum to generate a resolution select signal which the rate controller 

50 uses to change the resolution of the encoding of the successive frame. The outputs of the processor, including film 
flags, scene change flags, and fade flags, to the rate controller to control the encoding of the delayed video data. 

A nrfethod is also disclosed for controlling a video encoder to encode input video data corresponding to a plurality 
of frames. The method includes the steps of delaying the input video data by a predetermined number N of frames, N 
> 1 , as delayed video data; processing the input video data to generate statistics of the first video frame: and controlling 

55 the encoding of the delayed video data corresponding to the first frame by the video encoder using the statistics. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The features of the disclosed video encoder control system and method will become more readily apparent and 
may be better understood by referring to the following detailed description of an illustrative embodiment of the present 
invention, taken in conjunction with the accompanying drawings, where: 



FIG. 1 is a block diagram of the disclosed video encoder; 

FIG. 2 is a block diagram of a preprocessor: 

FIG. 3 is a block diagram of a 3:2 pulldown processor in FIG. 2: 

FIG. 4 is a block diagram of the statistics generator of the 3:2 pulldown processor of FIG. 2: 

FIG. 5 is a block diagram of components of the preprocessor in FIG. 2: and 

FIG. 6 is a flow chart of the method and operation of the disclosed video encoder control system. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now in specific detail to the drawings, with like reference numerals identifying similar or identical ele- 
ments; as shown in FIG. 1 , the present disclosure relates to a video encoder control system and method for detecting 
and effecting changes in video frames in a video encoder 10. 

As known in the art and used throughout the following disclosure, blocks of pixels (or pels) are arranged in lines 
and rows to constitute an image. Each pixel is associated with three components: luminance Y red color difference 
Of. blue color difference C^. Video data arranged in fields operating at 59.94 Hz (about 60) for video in the National 
Television System Committee (NTSC) standard and at 50 Hz for video in the Phase Alternation Line (PAL) standard. 
Under NTSC and PAL standards, pairs of fields are arranged in frames, in which FIELD1 refers to the first field to be 
displayed in time, known as an odd field, and FIELD2 refers to the second field to be displayed, known as an even 
field. Thus, each field is associated with a parity: i.e. even or odd. 

Such fields may also be categorized as intra fields (I fields), predictive fields (P fields), and bidirectional fields (B 
fields), with frames designated in like manner as I frames, P frames, and B frames. 

As shown in the exemplary embodiment of FIG. 1, the encoder 10 includes an encoder control module 11 for 
receiving commands and other inputs from an input device (not shown), a preprocessor 12 for detecting film frames 
and scene changes in a video input: a rate controller 14: an encoder module 16: a prediction module 18: a formatter 
20: a perceptual model module 22: a motion estimation module 24: and a decoder module 26. These components of 
the video encoder 10 may be implemented in a manner known in the art. as described, for example, in U.S. Patent 
Nos. 5.144,423 to Knauer et al.: 5,231.484 to Gonzales at al.: 5.247.363 to Sun et al.: 5.293,229 to lu: and 5,325.125 
to Naimpally et al.. each of which are incorporated herein by reference. 

Generally, for the video encoder control system and method disclosed herein, the preprocessor 12 receives input 
video data and command inputs processed by the encoder control module 11 and removes redundant fields from video 
data corresponding to a film source. The rate controller 14 receives data signals such as flags from the preprocessor 
12 to control the operation of the encoder 10 for performing encoding functions. The rate controller 14 also controls 
communications of the encoder 10 with external systems in order to maintain the encoded bit rate within an operating 
bandwidth. The encoder module 16 receives processed video data from the preprocessor 12 as well as prediction 
estimates from the prediction module 18 for encoding the preprocessed video data. The formatter 20 combines the 
various data fields with blocks of pixels of video frames to generate an encoded output signal for output through an 
output channel. 

The perceptual model module 22 calculates coding parameters for the encoding process, and the motion estimation 
module 24 performs block matching of video data in a current block of pixels with previous image data to generate 
motion factors. The decoder module 26 generates a reconstructed prediction error from the encoding process to con- 
struct a decoded image. 

As illustrated in FIG. 2 for an exemplary embodiment, the preprocessor 12 includes a look-up table module 28 
which receives input video data in the CCIR-601 standard format for performing optional gamma correction, pedestal 
adjustment, contrast enhancement, and the like in a manner known in the art. Separate tables are maintained in the 
look-up table module 28 for luma and chroma signals. The input video signal passes through the look-up table module 
28 to a vertical cropping module 30 which crops the input video data. 

For example, to process input video data in the NTSC standard, the input video data is cropped to 480 lines. For 
processing input video data in the PAL standard, the input video data is cropped to 576 lines, in which all 576 active 
lines are used. It is understood that the vertical cropping module 30 may crop the input video data in accordance with 
the requirements of the particular video standard in use, such as high definition television standards (HDTV). EGA. 
VGA, Super VGA, etc. Such standards are known in the art. For example, the'fVtPEG standard is discussed in MPEG 
TEST MODEL 4.. "Coded Representation of Picture and Audio Information". ISO-IEC/JTC1/SC29/EG11 , CCITT SG 
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XV. Working Party XV/1. Document AVC-445b. February 1993. 

For video data fronn NTSC sources, the vertically cropped video data is received by the 3:2 pulldown processor 
32 for processing to detect 3:2 pulldown and to reorder and remove input data fields such as redundant fields to 
generate 24 frame per second progressive video data. The 3:2 pulldown processor 32 performs such 3:2 pulldown. 
5 reordering, and removal of fields in a manner known in the art: for example, as described in U.S. Patent No. 5.317,398 
to Casavanl et al. which is incorporated herein by reference. In the disclosed exemplary embodiment, the 3:2 pulldown 
processor 32 generates delayed video data, and other functions of the 3:2 pulldown processor 32 are described here- 
after in reference to FIG. 3. 

Referring back to FIG. 2. the delayed video data from the 3:2 pulldown processor 32 is received by the vertical 
'0 filter and subsampler 34 for performing chroma subsampling. Subsampling is herein defined to include sampling by a 
factor of 1 . 

In an exemplary embodiment, the encoding module 16 of the encoder 10 encodes 4:2:0 video data in a manner 
known in the art: for example, as described in U.S. Patent Nos. 5,253,056 to Puri et al. and 5.270,813 to Puri et at., 
each of which is incorporated herein by reference. In the exemplary embodiment, the chroma channel resolution is 

?5 half of the luma resolution in both the horizontal and vertical directions. For input video data in a 4:2:2 format, the 
vertical filter and subsampler 34 processes the chroma channels for use by the encoder 10. 

If the delayed video data corresponds to film or non-film, the 3:2 pulldown processor 32 indicates such a film 
condition or a non-film condition by a film flag, as disclosed hereafter. The vertical filter and subsampler 34 responds 
to the film flag to process the delayed film data such that the video data as progressive film is chroma filtered on a 

20 frame basis using a predetermined four tap filter. If the video data is interlaced video data {and thus not progressive 
film data), the video data is encoded at a full temporal rate with vertical chroma filtering performed on each field inde- 
pendently. In the exemplary embodiment, odd fields are filtered by a predetermined seven tap filter and even fields are 
filtered by the predetermined four tap fitter with the predetermined tap filters being symmetrical. 

The chroma filtered video data from the vertical filter and subsampler 34 is processed by an adaptive prefilter 36, 

25 by a horizontal filter and subsampler 38, and then by a horizontal cropping module 40 to generate preprocessed video 
data which is output to the encoding module 16 shown in FIG. 1. The operations of the adaptive prefilter 36, the 
horizontal filter and subsampler 38, and the horizontal cropping module 40 are describe hereafter in reference to FIG. 5. 

Referring to FIG. 3. the 3:2 pulldown processor 32 detects redundant fields in the vertically cropped input video 
data. 3:2 pulldown is used in displaying films recorded at 24 frames per second on a NTSC television system operating 

00 at about 60 Hz. and is achieved by displaying alternating frames of film either for 1/20*^ second or for 1/30'^ second, 
while an NTSC television camera records either 3 or 2 fields for each film frame, respectively in a manner known in 
the art. In the 3:2 pulldown process, redundant fields are created. 

The 3:2 pulldown processor 32 receives the input video data and generates delayed video data by delaying the 
input video data by a predetermined number of fields N, where N > 1. In the exemplary embodiment, each of a first 

j5 field delay 42 and a second field delay 44 delays the input video data by one field to generated a resultant two field 
delayed video data. The two field delayed video data is then delayed by an 8 field delay 46 to generate the delayed 
video data which is thus the input video data delayed by a total of 10 fields: i.e. 5 frames. 

A statistics generator 48 receives both the input data and the two field delayed data from the second field delay 
44 to generate statistics therefrom. 

-^^ The inter frame statistics and the delayed video data, which is delayed five frames in the exemplary embodiment, 

enables the encoder module 16 to process the statistics and to adjust the subsequent encoding of the delayed video 
data. The statistics are used to categorize the incoming video data by control signals such as flags and other data 
signals, and to enhance any compression in the encoding process by providing a look-ahead capability of the encoder 
10. The encoder 10, in using such statistics, flags, and the like, is then able to remove redundancies in the input video 
signal and to anticipate and takes preventative action before encoding relatively difficult sections of video images such 
as a scene change in the video images. From instructions of the rate controller 14 responding to flags and other 
indicators from the preprocessor 12 indicating film or scene changes, the encoder 10 may reschedule or align the next 
intra frame, thus improving encoded image quality 

In the exemplary embodiment, the input video data corresponds to fields of video pixels having associated Y, Cb= 

50 and 0^ values, from which the statistics generator 48 calculates the following statistics for every input video field: 

1 ) sums of the absolute differences between pixels of successive input fields of the same parity; 

2) maximum magnitude of the difference between pixels of low pass filtered (and possibly subsampled) image 
values of successive input fields of the same parity In an exemplary embodiment, block averages (or means) of 

55 the values of blocks of pixels of the input field are computed and are used as samples of subsampled low pass 

filtered images of the input field: and 

3) average values of the pixel over an input field. 
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The statistics generator 48 may include digital signal processing nneans such as a digital signal processing (DSP) 
circuit or chip, which may be embodied as the DSP 1610 chip available from AT&T Corp. In addition, digital signal 
processing software known in the art or other equivalent digital signal processing means may be used by the statistics 
generator 46 for determining the above statistics which are used to by a pulldown detector 50. a scene change detector 

5 52. and a fade detector 53. 

As shown in FIG. 4. the statistics generator 48 receives the input data and two-field delayed input data. The statistics 
generator 48 includes a first absolute difference calculator 54 for generating absolute values of differences between 
the input data and the two-field delayed input data, and a first calculator 56 uses the absolute values to generate a 
sum of the absolute values over a field. The sum is then output to the pulldown detector 50 and the scene change 

w detector 52. 

The statistics generator 48 also includes first and second low pass filter and subsamplers 58, 60 which receive 
the input data and the two-field delayed input data, respectively. The subsampled low pass filtered image values gen- 
erated therefrom are output to a second absolute difference calculator 62 to generate absolute values of the differences 
between the low pass filtered image values. A maximum detector 64 determines the maximum absolute value over a 
?5 field and the maximum absolute value is output to the pulldown detector 50. 

The statistics generator 48 also includes an average calculator 66 which determines the average value of the input 
data over a field, and the average value is output to the fade detector 53. 

The following exemplary embodiments of the disclosed video encoder control system and method illustrate the 
use of statistics generated from the incoming video data to detect film data, scene changes., and video fading, and to 
20 adapt the encoding resolution 

FILM DETECTION 



25 



In a first exemplary embodiment, the pulldown detector 50 of the 3:2 pulldown processor 32 detects film data 
present in the incoming video data using the sum of absolute differences between pixels between alternating fields in 
the incoming video data. Video data of a still or redundant field causes the statistics generator 48 to generate relatively 
low sums of absolute differences, while video data of a stationary image causes the statistics generator 48 to generate 
sums. of absolute differences which approach zero. In addition, if the video data was generated from converting film 
images by 3:2 conversion, for every five fields, the sum from the fifth field is relatively small, while the sums from the 
00 remaining four of the five fields are relatively targe. 

The pulldown detector 50 detects the presence of film in the video data by comparing the relative values of the 
sums generated therefrom to differ by a first predetermined value, causing the pulldown detector 50 to generate a film 
flag which is sent to the rate controller 14. 

The pulldown detector 50 uses the sum of absolute differences and the maximum absolute differences of the low 
35 pass filtered images calculated by the statistics generator to detect redundant video fields. Based on the location of 
redundant fields, a group of 10 fields are classified either as film or as non-film. 

The sum of absolute differences between a pair of input fields measures the relative mismatch between the pair 
of fields in a macro scale. The sum of absolute differences has a small value only if there is a redundant field in the pair. 
The maximum absolute differences of the low pass filtered images measures the relative mismatch in local regions 
~^o of the pair of input fields. The maximum absolute difference has a small value only if there is a redundant field in the pair 
If the input video data was generated from converting film images by 3:2 pulldown, the fifth field and the tenth field 
in a group of ten fields are redundant fields. Moreover the mismatch measure between the 6'^ field and the 8*^ field is 
relatively close to the mismatch measure between the 7*^ field and the 9'^ field. In addition, the mismatch measure 
between the 4^^ field and the 6*^ field is relatively close to the mismatch measure between the 5'^ field and the 7'^ field. 
•^5 and the mismatch measure between the first field and the third field is relatively close to the mismatch measure between 
the second field and the fourth field. 

In the exemplary embodiment, the pulldown detector 50 maintains six internal statistic first-in-first-out (FIFO) 
queues having a length of eight units to store statistics of the ten most recent input fields, with the queues as follows: 

50 a) { Dy [0]: .... Dy[7] ] stores the sum of absolute field differences of the luma signal: 

b) { Dcr[01= ' Dcr[7] } stores the sum of absolute field differences of the C^ chroma signal: 

c) {Ocb [0]. DcbC^l } stores the sum of absolute field differences of the 0^ signal: 

d) { dy [0], ...dy [7] } stores the maximum absolute field differences of the low pass filtered luma signal: 

6) { ^crl^l <^cP] } stores the maximum absolute field differences of the low pass filtered C^ chroma signal: and 
0 { dcb[0)' cicbl^] } stores the maximum absolute field differences of the low pass filtered C^ chroma signal. 

In the above description, the absolute field differences for a given field are calculated over the field. 

The pulldown detector 50 also maintains a state variable T which indicates the film mode of the field that is most 
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recently output from the 8 field delay circuit 46. The state variable T is defined as zero if the most recently processed 
field is non-fi!m, and T takes on one of the values in the range from 1 to 10 which indicates the order of the output field 
in the ten field 3:2 pulldown pattern. Initially, V is set to zero. 

For every input field, the pulldown detector 50 uses the following statistics: 

5 

1 ) Dy': the sum over a field of absolute field differences of pixel values between the input luminance data and the 
two-field-delayed luminance data: 

2) DcA the sum over a field of absolute field differences of pixel values between the input chroma data and the 
two-field-delayed chroma data: 

^0 3) Dcb'= the sum over a field of absolute field differences of pixel values between the input chroma data and the 

two-field-delayed chroma data: 

4) dy'. the maximum value over a field of absolute field differences between pixel values of low pass filtered images 
of the input luminance data and the two-field-delayed luminance data: 

5) dcr': the maximum value over a field of absolute field differences between pixel values of low pass filtered images 
'5 of the input chroma data and the two-field-delayed chroma data: and 

6) dcb'- the maximum value over a field of absolute field differences between pixel values of tow pass filtered 
images of the input chroma data and the two-field-delayed chroma data. 
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The pulldown detector 50 updates the statistics FIFOs according to: 



Dy [n]-Dy [n-1] 
Dcr[n] = Dc, [n-1] 
Dcb [n] = Dcb[n-1l 
dY[n] = dy [n- 1] 
25 dc,[n]-dc,[n-1] 
cicb [n) = dcb [n-11 

for n = 1 , 2, 7. and 

^0 Dy [0] = Dy' 

Dcb [01 = Dcb 

dy [0] = dy' 

dcr[01 = dc/ 
35 dcb[01 = deb- 

it the current input field is an even (or bottom) field and the current state of T is zero or 10. then the pulldown 
detector 50 performs film detection as described below, otherwise the pulldown detector 50 does not perform film 
detection and increases by 1 . 
■^0 The pulldown detector 50 declares the next ten fields output from the S field delay circuit 46 to be film if and only 

if all of the following conditions in Eq. (1 )-(4) are met: 







[2] 


<Ty 




[7] 


<Ty 


45 




[2] 


<r„ 




[7] 


<Tcr 




^Cr 


[2] 




Dcr 


[7] 












AND 










[2] 


< 


dy 


[7] 


< Cy 


50 




[2] 


<tcr 


dcr 


[7] 






dc. 


[2] 




dct 


[7] 





(1) 



55 



6 



EP 0 708 564 A2 



70 



d^[5] _ d^[6] 



<Rcr AND ^f4il<!^'cr (2) 





(5] 




[6] 




[5] 




[6] 



15 



25 



35 



40 



Where Ty, Tq^, 7^^. ty, t^b^ Ry- f^cr I^Cb- •^y'- ^Cr- ^'^^ ^Cb ^fe thresholds which may be preset or determined by 
a priori 



dcrl^]^^ d..[4] , 



d^<^- AM) ^^<^'c. (3) 
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dTnT'^*- d^ToT ^ 



d^^nr '"'^^ d^^ToT ^ 

knowledge of the input data. For example, the thresholds may be set by user input commands or by a set of training data. 

If all of Eq. (1) - (4) are satisfied: i.e. the film test yields a positive indication of a film condition, then T is set to 1 
and the next 10 fields output from the 8 field delay circuit 46 is classified as film. Otherwise. T is set to zero and the 
next two fields output from the 8 field delay circuit 46 is classified as non-film (i.e. video) and the above detection 
process is repeated for new input data. 

The pulldown detector 50 also generates a two bit mode order value^ having values 0-3 (base 10) to indicate to 
the rate controller 14 the reconstruction of the frames, as illustrated in Table 1 below: 



TABLE 1 



45 



50 



FILM MODE ORDER VALUE 


DESCRIPTION 


0 


FIELD1/FIELD2 


1 


FIELD2/FIELD1 


2 


FIELD1/FIELD2/REPEAT FIELD1 


3 


FIELD2/FIELD1/REPEAT F1ELD2 



DETECTION OF SCENE CHANGES 



In a second exemplary embodiment, the statistics generator 48 passes information to the scene change detector 
50 that detects the occurrences of instantaneous changes in the scenes, or "cuts", in the input video. The sum of 
absolute differences between pixels in the current and two-field delayed fields is used to categorize the amount of 
change between fields. In the typical scene, this parameter is normally small and varies slowly over several frames. 
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even in scenes with apparently unpredictable motion. A scene nnay therefore be determined to be continuous if all field 
differences are below a predetermined threshold. Tlqw vary between successive values by a small amount aTlqw- 

At a cut between scenes, however, this parameter becomes relatively large since the two fields that are used to 
calculate the field differences occur in different scenes. In this case, the field differences are normally larger than a 
predetermined threshold T,^igh- Furthermore, because the field differences are calculated between alternate fields, 
upon the occurrence of a scene cut, two consecutive fields have a field difference greater than Thigh 

The detection of a scene change is therefore determined with high confidence when at least two high field differ- 
ences are detected which are preceded and succeeded by relatively low field differences. The look-ahead nature of 
the statistics generator 48 allows the detection of a number of succeeding field differences to be proceeded in order 
to improve the reliability of the scene detection. Furthermore, the scene change may be detected one or more frame 
times before the scene change enters the encoder module 16 to be encoded. This allows the encoder 10 to change 
encoding parameters prior to the scene change: for example, for reducing the encoding quality of the frames before 
the scene change, which may not cause a change in video quality visible to the viewer of the decoded video, while 
improving encoding efficiency of the encoder 10. 

Upon detection of these changes, the scene change detector 52 outputs a scene change flag, which is sent to the 
rate controller 14. For example, a scene change flag may indicate a picture type such as an intra coding setting. For 
example, for a scene change attaining a specified confidence level of detection, an intra frame flag may be generated 
and sent to the rate controller 14 to intra code the entire frame. Intra frame flags may also be output from the scene 
change detector 52 as an alternative resynchronization method. The statistics generator 48 includes a counter {not 
shown) for generating a periodic count, and the preprocessor 1 2 responds to the periodic count for generating an intra 
frame flag at regular intervals. In the alternative resynchronization method, the preprocessor 1 2 responds to the scene 
change flag to generate the intra frame flag, and the rate controller 14 responds to the intra frame flag for inserting an 
intra frame into the plurality of frames at a position corresponding to a scene change, tn this method, the scene change 
detector 52 chooses to alter the frequency of intra frames according to the relative position of a scene change to make 
an intra frame and a scene change coincident, where the preprocessor 1 2 responds to the scene change flag to modify 
the count of the counter and to generate the intra frame flag upon the modification of the count. 

Alternatively, the scene change detector 52 may also output a value, such as an 8-bit value, to the rate controller 
14 to indicate the probability or "strength" of a scene change. The 8-bit value may also indicate other scene changes 
such as partial scene changes. 

In addition to detecting film, the 3:2 pulldown processor 32 may also insert intra frames at regular intervals to allow 
for insertion of commercials and l/P frame coding as an alternative to progressive refresh implementations. 



DETECTION OF VIDEO FADING 



•^5 In a third exemplary embodiment, the fade detector 53 determines a video fade in the video data. The presence 

of a video fade added to a film as well as the fade rate may cause transitions from film to film or film to video to generate 
a false detection of the film. The fade detector 53 detects such video transitions from the statistics using the average 
pixel value as an indication of a relatively large change in brightness of the scene before and after a fade. The fade 
detector 53 responds to the average pixel values being less than a predetermined value to generate a fade flag indi- 

-^0 eating a fade in the video. 



ADAPTIVE RESOLUTION CONTROL 



In a fourth exemplary embodiment, the video encoder control system adapts the resolution of the encoding in 
response to changes in scenes as measured by frame statistics. The statistics generator 48 of the 3:2 pulldown proc- 
essor 32 generates the sums of absolute field differences of pixels of the input video data as a measure of the complexity 
of the corresponding image. Alternatively, variances of the pixels between fields may be calculated. The sums are sent 
to the rate controller 14 which determines if the sums have exceeded a predetermined value. If the predetermined 
value is exceeded; i.e. thecomplexity of the images to be encoded is relatively high, then the rate controller 14 generates 
a resolution select flag to reduce the resolution of the encoded image, as described hereafter. 

Referring to FIG. 5, the input video data is processed by the adaptive prefilter 36 in the exemplary embodiment 
using a first predetermined bank of 256 sets of filter values or coefficients selected by the rate controller 14 using a 
prefilter select signal at a rate of once every frame. The adaptive prefilter 36 also receives the film flag from the 3:2 
pulldown processor 32 which indicates whether the input video data corresponds to progressive film or interlaced video. 
The adaptive prefilter 36 uses the film flag to select filter values from a second predetermined bank of sets of filter values. 

The film mode flag and the prefilter select signals are processed by an 8 x 8 filter 68 which is a set of 8 horizontal 
scan line taps and 8 vertical taps to perform 8x8 filtering on a frame basis. The taps of the 8 x 8 filter are programmable. 
For example, the. taps on every other row may be set to zero, thus reducing the 8 x 8 filter to an 8 x 4 filter that may 
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be applied to the pixels of a frame to perform field filtering, with only values from one of the two fields per frame are 
involved in the computation of the corresponding output value of the filter 68. 

When the film flag is off. the filter 68 operates as an 8 x 4 filter for filtering on a field basis. When the film flag is 
on. the filter 68 performs 8x8 filtering on a frame basis with the restriction on the taps: i.e. alternate rows of taps 
being set to zero, is removed. Thus the prefiltering is adaptively performed on a field basis for video material and on 
a frame basis for film material. 

A plurality of filters: i.e. sets of filter values or coefficients, are provided for each type of filtering, such as field basis 
filtering and frame basis filtering. The plurality of filters are determined by different settings of the taps of the 8 x 8 
filter 68. In addition to adapting the filtering on a field or frame basis depending on whether the input video data is film 
material or video material, the filter 68 is adaptive by selecting from one of a set of frame filter values or a set of field 
filter values depending on the difficulty to encode the video data based on the complexity of the video images as well 
as the state of the encoder 10. The scene complexity may be measured by the sum of the absolute values of the field 
differences in successive fields of the same parity. 

Alternatively, the filter 68 uses the sums of absolute values of field differences as well as an encoder bit rate set 
'5 by the rate controller 14 to select at least one of the plurality of filter values for filtering the delayed video data. 

As some of the predetermined sets of filter values may be negative, possible overflow conditions in the filtering is 
avoided by clamping or latching the output of the 8 x 8 filter 68 using a clamp 70 to within an 8-bit range of 0 to 256. 

Each of the Y. Cj^, and values are filtered independently with different sets of filter values in the above described 
manner. 

20 In the exemplary embodiment, the adaptive prefilter 36 outputs clamped data of 720 pixels which are processed 

by a 2:1 horizontal subsampler 38. The 2:1 horizontal subsampler 38 responds to the resolution select flag from the 
rate controller 14 to determine the rate of subsampling. In the exemplary embodiment using the fVIPEG encoding 
• standard, a 704 mode and a 352 mode are supported. If the 704 mode is selected, the 2:1 horizontal subsampler 72 
is disabled, and the processed video data having 704 pixels per line is input to the 2:1 horizontal subsampler 72 and 
25 passes through unchanged. If the 352 mode is selected, the Y. C^, and Cr values are subsampled by a factor of two. 
with the first pixel of each line remaining, to provide 352 pixels per line of resolution. 

In an alternative embodiment, the vertical filter and subsampler 34 performs adaptive filtering using the film flag 
in a manner as described above to perform frame or field filtering. The vertical filter and subsampler 34 thus performs 
chroma downsampling to convert 4:2:2 chroma to 4:2:0 chroma, depending on whether the video data to be processed 
30 is film or video material as determined by the 3:2 pulldown processor 32 by the film flag. 

It is understood that one skilled in the art may adapt the disclosed resolution control method using video data 
statistics to other video standards and video encoders encoding different pixels per line resolutions. 

The above resolution control method may also be used in conjunction with the adaptive prefilter 36 described 
above to provide a finer control of the resolution. In addition, in employing the statistics to control the resolution as well 
55 as the look-ahead capability of the encoder 1 0 from the delay of the input video data, the encoder 1 0 may be controlled 
to prepare for scene changes by increasing the resolution using the resolution select flag and reducing the number of 
bits allocated to at least one frame prior to the scene change to reduce the generation of artifacts in the encoding 
process. 

In alternative embodiments, the above disclosed resolution control method may be used with other encoding meth- 
-^0 ods to choose an encoding method for the \, P or B frames to provide sufficient resolution. 

As shown in FIG. 6, a method Is disclosed for controlling the video encoder 10, as described above, including the 
steps of starting the control of the video encoder 10 in step 74: receiving input video data in step 76: preprocessing 
the video data in step 78: and controlling the encoder 10 using the delayed video data and the statistics in step 38. 
The step of preprocessing includes the steps of delaying the video data by N frames where N > 1 , to generate delayed 
■^5 Video data in step 80: generating statistics from the input video data in step 82: processing the statistics to generate 
flags, including scene change flags, film flags, and video fade flags in step 84: and determining resolution settings from 
the statistics in step 86. 

While the disclosed video encoder control system and method has been particularly shown and described with 
reference to the preferred embodiments, it will be understood by those skilled in the art that various modifications in 
so form and detail may be made therein without departing from the scope and spirit of the invention. Accordingly modi- 
fications such as those suggested above, but not limited thereto, are to be considered within the scope of the invention. 
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Claims 

1. A video encoder control system including a video encoder comprising: 
a processor including: 
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a multiple field delay circuit for delaying input video data by a predetermined number N frames. N > 1 , to 
generate delayed video data, the input video data corresponding to a first frame of a plurality of frames 
with each frame associated with corresponding fields each having a parity: and 

a statistics generator for processing the input video data to generate statistics of the first frame and to 
generate a control signal, the generated statistics including subsampled low pass filter image values and 
sums of absolute values of field differences: 

an encoder module: and 

a rate controller responsive to the control signal for controlling the encoder module to encode the delayed 
video data corresponding to the first frame. 

. The video encoder control system of claim 1 wherein the processor is operatively associated with the video encoder 
to encode the input video data in the Motion Picture Experts Group (MPEG) standard. 

. The video encoder control system of claim 1 wherein the rate controller receives the control signal associated with 
the first frame for controlling the encoder module prior to the encoding of the corresponding delayed video data 
to perform a look-ahead operation for adjusting the encoding thereof. 

. The video encoder control system of claim 1 wherein the statistics generator generates averages of blocks of 
pixels of a field as the subsampled low pass filter image values of the field. 

. The video encoder control system of claim 1 wherein the statistics generator calculates the sum of absolute values 
of field differences between pixels of successive fields having the same parity: 

the processor includes a first detector which uses the sum for detecting a redundant field as the control signal 
in the associated fields and for generating a redundancy flag corresponding to the redundant field: and 
the rate controller controls the encoder module using the redundancy flag. 

. The video encoder control system of claim 5 wherein the processor further includes a prefilter. responsive to the 
film flag, for filtering the delayed video data using a plurality of filter values corresponding to the film flag. 

. The video encoder control system of claim 6 wherein the prefilter uses the sums of absolute values of field differ- 
ences and an encoder bit rate to select at least one of the plurality of filter values for filtering the delayed video data. 

The video encoder control system of claim 5 wherein the statistics generator determines a maximum value of a 
plurality of absolute values of field differences of the subsampled low pass filter image values: and 

the first detector uses the maximum values of absolute field differences associated with the first frame and 
the successive frames to determine a locally changing region as a non-film condition corresponding to the 
redundancy flag. 

The video encoder control system of claim 8 wherein the processor includes a counter for generating a periodic 
count, the processor responsive to the periodic count for generating an intra frame flag, the processor responds 
to the scene change flag to generate the intra frame flag: and 

the rate controller responds to the intra frame flag for inserting an intra frame into the plurality of frames at a 
position corresponding to a scene change. 

0. The video encoder control system of claim 9 wherein the processor responds to the scene change flag to modify 
the count of the counter and to generate the intra frame flag upon the modification of the count. 
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(57) A video encoder control system ( 1 0) and meth- 
od are disclosed for controlling a video encoder ( 1 6) us- 
ing a processor (12) having a multiple field delay circuit 
for delaying input video data by a predetermined 
number of frames, and a statistics generator for gener- 
ating statistics from the video data to control the encoder 
(16). The statistics generator calculates a sum of abso- 
lute values of field differences between pixels, with the 
sum used for detecting a redundant field, for generating 
a film flag, and for controlling the encoder using the film 
flag. The statistics generator calculates averages of 
blocks of pixels, and a fade detector uses the averages 
for detecting fades between successive frames to gen- 
erate a fade flag to control the encoding. The rate con- 
troller (14) responds to the statistics to change the res- 
olution of the encoding of successive frames. The proc- 
essor outputs the film flags, scene change flags, and 
fade flags to the rate controller (14) to control the en- 
codingcf the delayed video data. A method is disclosed 
for controlling the video encoder including the steps of 
delaying the input video data, generating frame statis- 
tics, and controlling the encoder using the statistics. 
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